In this work, "green" composites made from High Density Polyethylene (HDPE) and natural fiber based date palm fiber have been prepared and studied. The effects of different loadings of date palm fibers (DPF) on the morphological, thermal and melt rheological properties of the composites have been investigated. Morphological investigation showed that the fibers were evenly dispersed in HDPE matrix at all DPF loadings. Additionally, the results of differential scanning calorimetry (DSC) analysis revealed that the addition of the DPF in the HDPE matrix has slightly increased the crystallization temperature (ΔT = ± 1.33 ºC). However, the crystallinity index, Xc of the composites at all DPF loadings were lower than the neat HDPE. The decrease of Xc was approximately 10.5 -14 %. Differential scanning calorimetry (DSC) analysis results revealed that the addition of the DPF into the HDPE matrix has increased the crystallization temperature. However, the crystallinity index of the composites at all DPF loadings were lower than the neat HDPE. In term of melt rheological analysis, the complex viscosity of the composites were all higher than the HDPE matrix and increased with the increase of DPF loadings, which was due to the restriction of the HDPE chain segment movements as the amount of DPF increased.
INTRODUCTION
In the pursuing of more sustainable materials, industries are focusing in the fabrication of materials based on the renewable sources. Ecological and environmental concern, as well as the recyclability have resulted in a great interest in utilization of green materials [1] . Additionally, the needs to look for alternative materials based on renewable/green resources are highly present at the policy-making level. The policy to use many types of natural resources or bio-based materials to make advanced products in many applications are highly considered, since it is in accordance with the growing awareness of environmental issues [1] [2] [3] . Several visionary concepts, like bio-economy or the green economy have also been introduced and implemented in the strategic planning of industrial companies in Europe countries [4] .
One of natural resource or bio-based materials is natural fibers. Natural fibers usually referred to plant fibers. In the history of mankind, these fibers have played important role in daily life with many purposes, such as bamboo and wood, which are particularly used in the construction for long time. There are many types of natural fibers besides bamboo and wood. These fibers can be used to make advanced products like polymer composites. Natural Fiber filled Polymer Composites (NFPCs) can be considered as one of the alternative materials, as mentioned in the previous paragraph. Because, they consist of natural fibers (as filler) added in the polymer matrix, which may also from bio-masses (e.g. PLA) [3] . The Natural Fiber filled Polymer Composites (NFPCs) or simply can be called Natural Fiber Composites (NFCs), recently has highly regarded as valuable materials [5] . Besides polymer composites, natural fibers have also been used in various applications. Fibers from banana, pineapple, sisal, jute, coir, etc. have been used in packaging industries, building, automotive, aerospace, textile, paper, fiber board, etc [6] .
Additionally, natural fibers have also been considered as one of important reinforcing materials that could replace synthetic fibers for fabrication of polymer composites. Because they are matching in terms of environmental issues (e.g. biodegradability), recyclability, cost, availability (i.e. renewable materials), and less harmful to health if compared to synthetic fibers, e.g. aramid, glass, carbon fibers [7] [8] [9] [10] [11] . In the last few years, the use of natural fibers to substitute the glass fibers as reinforcing materials in composite fabrication has attracted great interest due to the increase of environmental policy and the needs to develop sustainable materials [11] . Furthermore, it can be said that the potentials of natural fibers such as flax, sisal, and hemp are comparable with the synthetic fiber, especially e-glass in terms of their strength (tensile), modulus elasticity, strain at break, availability, and price [5, 12] .
According to the literature [12] , cellulose fibers can be grouped based on their origin. Table 1 shows the classification of cellulose fibers and their samples. The types of fibers that are widely used in the composites fabrication are the bast and leaf parts (the hard fiber). Whereas, fiber plants that are commonly used are coir, ramie, cotton, hemp, jute, sisal, flax, kapok, banana, and henequen [10, 12] . Nowadays, agricultural sources are being considered as valuable source for natural filler materials for the polymer composites production. Research and development of these natural filler might support the progress of socio-economic development for agriculture activities in many of the developing countries [13] . There are numerous research studies on Natural Fiber Polymer Composites (NFPCs), e.g. kenaf fiber composites [7-9, 14, 15] , sugar palm fiber [16] ; hemp fibers [17] ; date palm [18] ; flax fibers [11] . Whereas, particular natural fiber that was used in the current study is date palm fiber. The date palm tree (Phoenix dactylifera) is normally found in the North Africa, Canary Islands, India, Pakistan, States (i.e. California), and especially Middle East, [19] . Date palm fiber which is abundant in certain areas like the Middle East normally considered as a waste or low value products. Therefore, the use of waste date palm fiber is expected to give advantages in local composite industries by encouraging open new market.
The utilization of date palm fiber as filler has been studied by numerous researchers. Several literatures reported the use of date palm fibers as mortar reinforcement for insulating materials in building [20] [21] [22] [23] . Nevertheless, based on our literatures survey, there were few studies about the use of date palm fibers as natural filler in polymeric materials [19, [24] [25] [26] , and thus make this research field more interesting. Additionally, polymer (in general) can be classified into two types, i.e. thermoplastics and thermosets. The thermoplastic is the most widely used polymer matrix to fabricate polymer composites. The commonly used thermoplastic for polymer composites is polyethylene (PE), polypropylene (PP), polystyrene (PS), polyvinyl chloride (PVC), etc [1, 10] . Therefore, a High Density Polyethylene (HDPE) was used in the present work.
A laboratory mixing extruder (LME) is a small-scale mixing extruder. The use of this kind of mixing extruder instead of high-scale mixing extruder to make polymer composites, especially during the formulation of right composition (polymer matrix: filler) or simply as a preliminary experimental design can be considered as a good idea. Because this LME only requires small amount of materials, thus it can reduce the cost of composites preparation for the purposes mentioned above. Our literatures survey revealed that the studies of polypropylene/date palm fiber composites using a lab scale mixing extruder to prepare polymer composites is very limited compared to the use of large-scale mixing extruder, and thus it is an interesting topic of research. The aims of this work are to fabricate high density polyethylene (HDPE)/date palm fiber (DPF) composites through melt blending method using a Laboratory Mixing Extruder (LME) and to investigate the morphology, thermal, and melt rheological properties of the prepared composites.
EXPERIMENTAL Materials
Date palm fibers used in this work were obtained by local farm. The date palm fiber (DPF) used in this study was extracted from the stem. The DPFs were cleaned, sorted, and separated from impurities (e.g. sand, dirt, etc.), then cut using high-speed chopper (Backerson BS009002, Mexico) and screened through mesh sieve to obtain fractions 2.34 mm size. The fiber length took in this study was approximately 2 mm length as it fulfilled the standard Tyler screen mesh that available in the laboratory. Furthermore, the fibers dried at 70˚C for 24 hours to reduce the moisture content. Observation of representative fibers via SEM micrographs revealed that the aspect ratio (L/D) of the DPF was approximately 4.16. An injection molding grade High Density Polyethylene (HDPE) (product name: M-300054) used as a polymer matrix was obtained from SABIC plastic industry in Saudi Arabia. The HDPE has lower melting point among plastics which make them processable at temperature below the degradation temperature of natural fibers. The melt flow index (MFI) of the HDPE is 30 g/10 min, which is low melt viscosity, thus makes it easy to be mixed with the fiber. The photographs of the HDPE pellets and the data palm fiber are shown in Figure 1 . 
Experimental Procedure
To prepare the composites, the HDPE and DPFs were melt compounded and pelletized with different loadings of date palm fibers ranging from 5% to 30% using a Laboratory Mixing Extruder (LME), Dynisco-USA. Figure 2 shows the photograph of the LME complete with the pelletizer and ribbon maker. The LME is a laboratory scale mixing extruder with diameter of the rotor and barrel, approximately 18.8 mm and 19 mm, respectively. Inside the barrel is a smooth rotating shaft (see Figure 2 ) [27] . Figure 2 . Laboratory Mixing Extruder complete with its pelletizer and ribbon maker. The preparation of the composites was done in two steps. The first step, the HDPE pellets and the prepared short DPF fiber were manually mixed, and then they were melt blended with the LME to make HDPE/DPF composites. The processing conditions of the LME were as follow: the barrel temperature = 260°C, die temperature = 265°C, and rotor speed = 250 rpm. The extruded composites from the LME was subsequently cooled in the water bath and then pelletized by using the pelletizer. Afterward, the wet pellets were dried in the laboratory oven at 70˚C for about 24 hours to remove the water/moisture. The second step, the dried composites pellets were secondly melt blended again in the LME with the same processing conditions. The extruded composites were subsequently fed into the ribbon maker to make ribbon form of the composites. The schematic diagram of the preparation of the composites is exhibited in Figure 3 . Whereas, the list of the composites samples fabricated in this study is shown in Table 2 . Sample Name HDPE (wt %) DPF (wt %) DC-0-LME 100 0 DC-5-LME 95 5 DC-10-LME 90 10 DC-20-LME 80 20 DC-30-LME 70 30
Characterization of composites
The surface morphology of the composites samples was investigated by using a scanning electron microscope (SEM), JSM-6360A, JEOL, Japan. The samples used were the ribbon samples prepared by the LME and its ribbon maker (see Figure 3) . Prior to the SEM analysis, the composites samples were finely coated by using a sputtering process with a thin layer of highly conductive metal (i.e. gold) to minimize electronic charging and overheating of the composites samples [28] . Figure 4a shows the photograph of the SEM. Rheometer To investigate the thermal characteristics of the composites samples, a differential scanning calorimeter (DSC) model DSC-60, Shimadzu, Japan was used (see Figure 4b) . In the DSC, the composite pellets (approximately 4 -7 mg) were weighted and put in a typical aluminum pan, and then sealed. As a reference, an empty sealed aluminum pan was analyzed together with sample in the DSC. All the DSC analyses were carried out non-isothermally in air environment. The procedure of the DSC analysis is explained as follows [27, 28] : The composites pellets were heated at constant heating rate of 10ºC/min, from 30°C to 200°C and held for 5 min in order to remove their thermal history and to ensure the crystals are completely melted. This step is called 1 st heating scan. Afterward, the composites samples were cooled down to 30ºC with the same rate (i.e. -10°C/min) to investigate the crystallization behavior of the composites. This step is called cooling scan. Finally, they were heated for the second time (2 nd heating scan) at the same rate of 10°C/min up to 300°C to find the melting temperature of each composites. Figures 5a and 5b show the typical DSC thermograms of the HDPE/DPF composites with the time and temperature dependence, respectively. The DSC thermograms were used to investigate the thermal properties are as follow: The 2 nd heating scan for studying the melting temperature and crystallinity index; and the cooling scan for studying the crystallization temperature of the HDPE/DPF composites (see Figure 5b) .
The melt rheological behavior of the HDPE/DPF composites were analyzed using an oscillatory rheometer instrument, ARG2 from TA Instruments, USA. The melt rheological analysis was conducted under torsion mode using a parallel plate configuration (i.e. diameter = 25 mm and constant gap = 2 mm). The composites pellets from the pelletizer (after dried in the oven) were used for this test. The experiments were carried out under frequency sweep mode at fixed temperature of 150°C and oscillation stress of 1 Pa, with angular frequency in the range of 1 -628.3 rad/s. Prior to the test, the excess of composites melts in the edge of parallel plates were cleaned to validate the analysis [29] . The photograph of the oscillatory rheometer is shown in Figure 4c . The result of the rheological test was a plot of dynamic complex viscosity * vs angular frequency (). 
RESULTS AND DISCUSSION
The scanning electron microscopy (SEM) micrograph of the date palm fiber (DPF) is shown in Figure  6a . As seen in the figure, the length of the fiber used in this work was approximately 2 mm, as it followed the standard Tyler screen that available in the laboratory. Whereas, the SEM micrographs of the HDPE/DPF composites samples (ribbon) are shown in Figures 6b-6d . As seen in Figure 6b , there were some of fibers embedded in the composites ribbon sample (i.e. DC-5 LME). There were also some of small pores on the surface of the ribbon. The pores were likely due to some of air trapped during the melt mixing of the composites. As seen in the figure, the fiber was well distributed in the surface of the ribbon. Additionally, some of fibers were also observable in Figure 6c . If compared to other literature [25] , the dispersion of DPF particles in this was work not good enough, which was likely due to the high loading percentage of the fibers and the limitation of the Laboratory Mixing Extruder (LME). In general, the fibers in the composites at all DPF loading levels were evenly distributed. Nevertheless, all the fibers in the HDPE matrix (as seen in Figures 6b, 6c, and 6d) , some of their parts were embedded in the composites ribbon, and the remaining parts were appeared on the surface of the composites ribbon. This was likely due to the size of the ribbon made by the LME and its ribbon maker, in which the ribbon was relatively thin. In our point of view, this was indeed the limitation of the use of a Laboratory Mixing Extruder (LME). Nevertheless, using the LME to prepare date fiber based composites was a good research experience. This study can be used as a preliminary step for the next work with the higher scale of extruder for preparing the composites. Whereas, the adhesion or interaction between the DPF and the HDPE matrix could not be observed in the SEM micrographs. Enhancing the adhesion or compatibility level between the fiber and the matrix usually can be done by chemical treatment of the fiber surface as well as the matrix, which was not done in the present work. This will be a good recommendation for the future work.
Thermal Properties
The differential scanning calorimetry (DSC) apparatus was utilized to investigate the melting and crystallization behavior of the HDPE/DPF composites. As explained in the experimental section, the DSC thermograms used for the melting analysis was the 2 nd heating scan, whereas for the crystallization analysis was the cooling scan. Figure 7 shows the DSC thermograms of the 2 nd heating scan procedure (i.e. melting analysis). Some parameters that could be derived from these DSC thermograms are crystallization temperature (Tc), melting temperature (Tm), heat of fusion (ΔH), and crystallinity index (Xc) and are listed in Table 3 . The melting temperature, Tm was taken as the highest/peak temperature of the DSC melting endotherm [30] . The crystallinity index of the composites can be determined from the heat of fusion (ΔHm) of DSC analysis and value of 100% of crystalline polymer material taken from the literature (ΔHm°) [31] . In which, the ΔHm° of the HDPE is approximately 292.6 J/g. Eq. (1) below was used to calculate the crystallinity index (Xc) of the HDPE/DPF composites [32] [33] [34] :
(1) Figure 7 and Table 3 show that the melting temperature, Tm of the composites are similar to that of the Tm of the neat HDPE (i.e. 130˚C). It can be implied that the Tm of the composites were not considerably affected by the addition of date palm fiber. The crystallinity index of the HDPE/DPF composites is listed in Table 3 . The crystallinity index of the composites at all DPF loadings was lower than the neat PP. The decrease of Xc was approximately 10.5 -14 %. This result is also similar to other literature, in which there was also a decrease in Xc [35] . The decreasing crystallinity index by the addition of DPF was likely due to the restricted movement of the HDPE molecular chains by the presence of the, which also reduced the spaces/free volume available to be occupied by the molecular chains. Thus inhibiting the crystal growth and alignment of the crystal lattice, which consequently reduced the crystallinity index [31, 33] . Table 3 . Tm, Tc, and Xc of HDPE/DPF composites prepared by LME Additionally, Figure 8 shows the DSC crystallization thermograms of HDPE/DPF composites taken from the DSC cooling scan step (see Figure 5b) . Whereas, the value of crystallization temperature, Tc of the composites are listed in Table 3 . Generally, as seen in the table, the addition of fibers leads to the slight increase of crystallization temperature (ΔT = ± 1.33 ºC). This result is similar to other literature [35] , in which there was also an increase in Tc, approximately 1-3 °C). As seen in Table 3 , the highest increase of Tc was occurred at DPF loading of 20 wt% (i.e. DC-20-LME). The Tc of the composites sample, DC-20-LME increased from 115.4 to 116.7 ºC. At higher content, the trend of Tc decreased but still higher than the neat HDPE. The increase of Tc could be possibly due to the presence of natural DPF fibers which acted as nucleating agent for the crystallization process of the HDPE matrix [32, 35] . The higher the Tc value indicating the higher crystallization rate. Because, the Sample Name 
Melt rheological properties
The melt rheological analysis was carried out to investigate the effect of DPF loadings in the flow behavior or deformation behavior of the HDPE/DPF composites when it is being processed [37] . The melt rheological properties were characterized by using a dynamic frequency sweep test with parallel plate geometry. The test was performed at constant temperature (i.e. 150 ºC), oscillation stress (i.e. 1 Pa), and variable angular frequencies (i.e. 1 -628.3 rad/s). Figure 9 exhibits the complex viscosity, * versus angular frequency of the composites at different DPF loadings. As seen in the figure, all the samples show the same trend, where the complex viscosity decreased with the increase of angular frequency. Additionally, the complex viscosity of the HDPE/DPF composites was much higher than the neat HDPE and increased with the increase of DPF loadings at all frequency region. This phenomenon was likely due to the restriction of the HDPE chain segment movements as the amount of DPF increased. The similar finding was also mentioned in other literature [37] . Furthermore, as seen in Figure 9 , the increase of complex viscosity was more pre-dominant at lower angular frequencies than at higher angular frequencies region. It is because at higher angular frequencies, the fibers will align strongly along with the matrix. Therefore, the probability of fiber-fiber collision was much lower, and thus the increase in the complex viscosity with the DPF loadings was less at higher angular frequencies. Additionally, at low frequency region, the decrease (i.e. the slope) of complex viscosity of the composites at higher DPF loadings (i.e. 20 and 30 wt%) was very steep if compared to the low DPF loadings. This indicates a shear-thinning behavior of the composites, which also represent the changed behavior from liquid-like to pseudo-like behavior [37] . Figure 9 . Complex Viscosity of Date palm fiber Composites prepared by LME
CONCLUSIONS
The morphological, thermal, and melt rheological properties of the HDPE/date palm fiber (DPF) composites have been investigated. The composites were prepared at different DPF loadings (i.e. 5, 10, 20, and 30 wt%) via melt blending technique using a Laboratory Mixing Extruder (LME) instrument. Morphological investigation of the composites showed that the fibers in the composites at all DPF loading levels were evenly distributed. Nevertheless, some parts of the fibers were embedded in the composites ribbon, and the remaining parts were appeared on the surface of the composites ribbon. This was likely due to the size of the ribbon made by the LME and its ribbon maker, in which the ribbon was relatively thin. Additionally, the differential scanning calorimetry (DSC) analysis results revealed that the addition of the DPF into the HDPE matrix has increased the crystallization temperature. However, the crystallinity index of the composites at all DPF loadings was lower than the neat HDPE, which could be related to the hindered movement of the HDPE molecular chains by the presence of the fibers. Whereas, the melting temperature was not considerably affected by the presence of the DPF. In the melt rheological study, the HDPE/DPF composites showed higher complex
